Dichotomous effects of forskolin on somatic and germ cell components of the ovarian follicle: evidence of cAMP involvement in steroid production and action.
The role of cyclic AMP (cAMP) in ovarian follicular functions in Rana pipiens was investigated with the use of the adenylate cyclase stimulator, forskolin, which is thought to elevate intracellular level of cAMP. Effects of forskolin on oocyte germinal vesicle breakdown (GVBD) and on progesterone production by the follicles were assessed during the course of in vitro culture. Addition of forskolin to culture medium suppressed both progesterone-and frog pituitary homogenate (FPH)-induced meiotic maturation of the oocytes. Inhibitory effects of forskolin were essentially reversible and forskolin completely inhibited GVBD when added during the first four hours of incubation following exposure to progesterone. Forskolin alone stimulated a low level progesterone production by isolated follicles, but markedly stimulated progesterone production when it was supplemented with a low dose of FPH (0.005 pituitary equivalent/ml). Thus, forskolin acts synergistically with FPH on follicle cells to stimulate progesterone production. A higher dose of FPH (0.05 pitui. eq./ml) produced no additional synergistic effect of forskolin. Therefore, forskolin appears to have two contradictory functions in ovarian follicles: it augments FPH induced follicle secretion of meiosis initiator, progesterone, and simultaneously suppresses the maturation of the oocytes triggered by exogenous progesterone or FPH. The data presented indicate that there are two independent adenylate cyclase systems in the ovarian follicles which have separate functions: one in the follicle cells and the other in the oocyte. The two enzyme systems are thus compartmentalized and regulate different biological functions using the same messenger, cAMP. The data provide evidence that in amphibians, as in mammals, pituitary hormones regulate steroid hormone production by follicle cells via a cyclic AMP system. Thus, control of oocyte maturation induction appears to be determined by the relative levels of cAMP present in the follicle cells and oocytes.